The area of the city of Meknes (Morocco) undergoes anthropic pressure, which acts mainly on the rivers. River water is used, without preliminary treatment, for farm irrigation. A study of the impacts of anthropogenic activities on the distribution and biodiversity of benthic macroinvertebrates and water quality of the Boufekrane River (Meknes) was conducted. Four pristine stations from the upstream and two stations at the downstream receiving anthropogenic impacts were selected along the River. For 12 consecutive months (from January to December 2010), based on the SEQ-V.2 scoring system, water quality index classes, the upstream stations recorded significantly higher biological monitoring scores and better water quality indices than those of the downstream. Four variables are involved actively in the individualization of the physico-chemical environment: COD, dissolved oxygen, TSS and temperature. The total number of macrobenthic taxa and their overall richness indices and diversity indices were significantly higher at the upstream stations than at the downstream stations. The relationships between the physicochemical and the macrobenthic data were investigated by biotypology analysis (PCA and FCA) and Pearson correlation analysis. The analyses showed that the richness and diversity indices were generally influenced by the total suspended solids, chemical oxygen demand and the electric conductivity of the river water. This study also highlighted the impacts of anthropogenic activities on the distribution and species diversity of macrobenthic invertebrate. Some sensitive (Trichoptera and Ephemeroptera) and resistant species (Oligochaeta such as Tubifex sp.) are identified as potential bioindicators of clean and polluted river ecosystems, respectively, in Morocco rivers. The data obtained in this study supported the use of the bioindicator concept 
Introduction
The quantity and quality of water resources are the major issues threatening the economic and social development of Africa mainly for countries located at arid and semi-arid region [1] . In order to achieve sustainable development, environmental protection shall constitute an integral part of the development process [2] [3] . Water pollution is one of our most serious environmental problems.
Pollutants that reach the aquatic environment are still a major environmental issue.
Studies of river macrobenthic invertebrates as biological monitoring techniques have been widely reported and described in the literature [4] - [12] .
Freshwater macroinvertebrate species vary in sensitivity to organic pollution and, thus, their relative abundances have been used to make inferences about pollution loads. In natural pristine rivers, high diversity and richness of species is expected [13] . However, high impact due to human activities caused many changes to the assemblages and biodiversity of the river fauna [14] - [19] .
The anthropogenic impacts on water quality and the distribution and diversity of macrobenthic invertebrates had been reported in the literature [20] . The elaboration and implementation of sustainable water treatment strategies should therefore be based on detailed data on the seasonal variation of the water quality that is strongly related to dilution processes taking place during high-flow periods, and to the loads of soluble compounds carried by the return waters utilized for land washing and irrigation [21] .
In Morocco, awareness of environmental problems is rapidly increasing. In recent years, a growing number of studies stressed the critical situation of several Moroccan water courses [22] [23] [24] [25] . The Boufekrane River is the primary source of water for a variety of purposes (i.e. drinking, agriculture, industry, recreation). On the other hand, it receives wastes from vast rural areas and several large cities along its banks. The Meknes city is a striking example of the contamination pressure that a large city exerts on the Boufekrane River. Over the last few years, the region of Meknes experienced extensive industrial development. Major industrial activities include tanneries, brewery, textile, oil mills, canneries, blacksmith and pottery [26] . Industry brought important economic returns to the region of Meknes (e.g. generation of employment, improvement of living standards, etc); however, it resulted in considerable water quality degradation. Tanneries are among the most polluting industries in the region. Most operations are still being carried out traditionally and little attention is given to environmental and sanitary conditions both within and outside the workshops.
The study presents a snapshot assessment of the water quality of the Boufekrane River based on the physical-chemical and benthic macroinvertebrates carried out in 2010. This paper will hopefully try to address this lacuna by extending the information available through an analysis of the temporal and spatial variations in the quality of the Boufekrane waters and through a comment on the main factors lowering the quality levels. Tolerance of macroinvertebrates taxa to chemical and physical stress is widely used in the analysis and interpretation of bioassessment data for example Tubifex sp. that are considered resistent to different kinds of anthropogenic impacts. Nonetheless, the use of macrobenthic invertebrates for bioindication purposes seems not to be popular or widespread in the Maghrebin ecoregion although this technique provides a cheaper but good methodology in river classification and they are widely used in the Northern American and European ecoregions.
The objectives of this study are 1) to verify if the physicochemical parameters and the species diversity of the macrobenthic invertebrates differ significantly between upstream and downstream stations of the Boufekrane River and 2) to investigate the relationships between the physicochemical parameters and the biodiversity of macrobenthic invertebrates of the Boufekrane River, by using multiple stepwise regression analysis and correlation analysis (PCA, FCA and t test comparisons), In order to identify the physicochemical parameters that could cause significant changes in the distribution and diversity of macrobenthic invertebrates.
Material and Methods

Description of the Study Area and Sampling Sites
The study area is situated in the North of Morocco (Figure 1 ). The area of Meknes formed a large part of the watershed river Sebou. Surveys and samplings were conducted from January to December 2010. We choose sixth stations in Boufekrane River (4 upstream stations and 2 downstream stations) for monitoring the degree of pollution and distribution of benthic macroinvertebrates. This river is used for recreational activities (washing, agricultural activity) especially during weak precipitation. Hydrogeological of the study area constituted by two important aquifers: The deep water aquifer (≥150 m) and the shallow aquifer (≤20 m). The waters of two aquifers are used for the supply of drinking water and also in irrigation and industry.
Upstream Stations (Stations BF1-BF4)
The first station (BF1) was located in Boufekrane River (Ain Maarouf source, reference site). The second station (BF2) was located near the Boufekrane village. The third and the fourth stations (BF3-BF4) were located upstream and downstream from Boufekrane village and upstream of the Meknes city. The water was clean and clear and it was used by some villagers for irrigation, washing and bathing. There was generally high vegetation coverage at the four sampling stations.
Downstream Stations (Stations BF5-BF6)
The fifth station (BF5) was located in the Meknes city, meadows of the workshops traditional of tannery (El Fakharine). The sixth station (BF6) was located at the downstream of Meknes city and the village Ain Karma; this station receives the whole of the industrial and domestic wastes. The sediment was of a muddy type and contains a lot of organic matter due to sewage pollution.
Water Quality Measurement
Four replicates of the physicochemical parameters were recorded directly at each sampling site. These were temperature, conductivity, pH, and dissolved oxygen (DO). Four parameters were measured in situ using adequate sensors. The temperature and electric conductivity (EC) were measured by conductimeter CONSORT K 912, the water pH was measured by a pH-meter HANNA 8519N and dissolved Oxygen (DO) was measured by Oxymetrie THERMO ORION 810.
Two replicates of water samples from each station were stored in polyethylene bottles (500 ml). The water in the polyethylene bottles were preserved with 2 ml of concentrated hydrochloric acid (pH ≤ 2.0) and brought back to the laboratory. The water samples were kept in a refrigerator at a temperature below 4˚C to stop all the activities and metabolism of the organisms in the water.
The biological oxygen demand (BOD), chemical oxygen demand (COD), sulphates, chlorides, total hardness, nitrate, orthophosphate and total suspended solids (TSS) were all determined in accordance with the standard method procedures of Rodier [27] . Afterward, the concentrations of nitrate, sulphate and orthophosphate were determined by using a spectrophotometer Model Hach Dr 2000 at a specified wavelength. Monthly measurements are regularly carried out on the level of the stations chosen during the period going the month January at December 2010.
Data Collection
The Sampling of the benthic macroinvertebrates responds to a standardized protocol French Association for Standardization (AFNOR) [28] . A Surber sampler (Mesh: 0.3 mm; catching area: 0.1 m 2 ) was used at sampling sites that had shallow running water substrates containing cobbles and pebbles (The Boufkarne River is a shallow stream with loose and coarse substrate). The Surber sampler was placed at the bottom against the flow. After the separation and sorting, all captured fauna were placed in plastic bottles and preserved with 80% ethanol.
In the laboratory, the benthic macroinvertebrates were sieved by using a column of three sieves with decreasing mesh 2 mm, 1 mm, 0.3 mm, sorted into a petri dish, and identified by using taxonomic keys. The sorting and identification of the smaller fauna was done under a dissecting microscope. All the samples were preserved a in new pill with 80% ethanol before using the appropriate taxonomic keys. The specific identification was made using the original descriptions Moroccan (collections of the Scientific Institute of Rabat) and the Mediterranean.
The keys used in this study were [29] (aquatic oligochaetes of Morocco) [30] (Annelida and Oligochaeta), [31] , (Crustacea), [32] (Mollusca) and [33] (Introduction to the study of freshwater macroinvertébrées). For insects, the keys used were, [34] (aquatic Heteroptera of Morocco commented Inventory), [35] (Preliminary Atlas of freshwater decapod crustaceans), [36] (Contribution to the knowledge of aquatic Coleoptera and Hemiptera Eastern Morocco: faunal cata-log), [37] and [38] (Diptera Chironomidae: aquatic larvae), and [39] (National Survey on Biodiversity continental fauna). Having been identified, the taxa are placed in glass pill containing either formaldehyde or ethanol for specimens whose shell or carapace may be destroyed by formalin (Crustaceans, Mollusks). To expand the data matrix (to biotypology data), we used matrices in the form of tables of n species and p stations. For the numerical expression of the element np, we opted the sum of the abundance of n macrobenthic invertebrates and in every station p. For reduce the disparities between the abundances of taxa, we conducted a transformation of corresponding classes in abundance under a geometric progression of ratio 2 [46] . This semi-quantitative assessment still contains all the information needed for analysis (Table 1) .
Analysis of Data
Results and Discussion
Physical and Chemical Data
Variations of pH, temperature, electric conductivity (EC), 2 4 H PO − ,
SO − , Cl − , BOD, COD, DO, and TSS, and the t test comparisons of mean values of the upstream and downstream are given in Table 2 . The temperature
shows an almost sinusoidal appearance with minima and maxima (13˚C to 26˚C). In the periods of sampling, the downstream stations showed significantly (P < 0.05) higher levels of COD, BOD, PO 4 , conductivity and TSS than the upstream stations. However, the upstream stations recorded significantly (P < 0.05)
higher levels of pH, O 2 , and NO 3 than the downstream stations.
The pH value is within the recommended range 6.5 e 8.5 for potability [46] .
The DO level is 70% (6.96 mg/l) saturation which is higher than the minimum It is evidenced from the physicochemical data that the upstream water quality was better than the downstream water quality during the period of sampling.
The natural levels of 2 4 H PO − for riverine waters range from 0.5 to 3.05 mg/l [49] , 2 4 H PO − contents at sites BF5 and BF6 fall outside this range (Table 3) .
Nitrate is toxic to aquatic life even at very low concentration [48] . Sample from downstream (BF 5 -6) contain high concentrations of some major ions ( Cl − , 2 4 SO − ), most probably originating from domestic water and tannery wastes (i.e.
from the use of sulphuric acid, chromium sulphate and products with a chloride contents). The major contributors to water pollution in this section are industrial facilities (tanneries, brewery, textile, pottery, etc.) scattered in the region. Sewage and urban waste-water, from town and from several nearby settlements, constitute other discharges that are negatively affecting the water quality in the region [24] [50].
Pearson's correlation of physical and chemical data of the Boufekrane River is given in Table 3 . The dissolved oxygen, nitrate and pH were negatively corre- 
Macrobenthic Invertebrate Data
Macrobenthic invertebrates found at the upstream and downstream sampling sites of the Boufekrane River are shown in Table 5 . By combining all 12 sampling months, there were a total of 126 taxa dominating the upstream stations (BF1-4) while at the downstream stations (BF5-6) there were only 26 taxa found (Table 5) . Although the values calculated here are for representation, these numbers indicate an increase in the dominance by fewer species especially at the downstream stations. This phenomenon was indicated by the evenness index (E) which is significantly (P ≤ 0.001) lower in the upstream than in the downstream of the Boufekrane River (E max = 0.6). For taxa richness, the number of taxa present is one measure of biodiversity [55] .
Biotypology Analysis
The Factorial Correspondence Analysis (FCA) is shown in Figure 4 . 
Discussion of Physical-Chemical Parameters and Biological Indices
In the upstream stations, the four biodiversity indices (richness indices SR, Shannon-Weaner H' and Evenness Indice (E) were significantly influenced by dissolved oxygen (DO), nitrate ( 3 NO − ) and pH. However, for downstream stations, these indices were influenced by biochemical oxygen demand (BOD), chemical oxygen demand (COD), total suspended solids (TSS) and conductivity (Cond). The richness, diversity, and evenness indices at the upstream and downstream sampling sites during the 12 months of sampling appeared to respond to the water quality deterioration (Table 5 and Table 6 ). High species diversity at the upstream was associated with unpolluted conditions, while lower species biodiversity often signified environmental stress due to human activities. Pearson's correlation of coefficients of diversity indices and physicochemical data of the Boufekrane River are presented in Table 7 . The three diversity indices (RS, Biotic index, and H') were significantly influenced by TSS, conductivity and 2 4 H PO − (negatively proportional r ≥ −0.68). From the correlation analysis (CA) ( Table 7) (Table 2 ) leads to the reduction of Taxonomic richness and diversity index ( Table 6 ).
Members of the order Ephemeroptera are considered to be sensitive to environmental stress and their presence signified relatively clean conditions [56] .
The numbers of Ephemeroptera taxa were highest at the upstream; they were absent at the downstream ( [57] . For example, a high density of oligochaetes is a good indication of organic pollution [58] and low DO concentrations had been related to sewage outfalls [55] . The order Oligochaeta also has a high tolerance to a variety of stresses and when they are present in high abun- at the downstream stations indicated regular point sources of pollution discharge due to human activities and this causes the water quality deterioration.
On the other hand, species sensitive to pollution such as Trichoptera and Ephemeroptera were present consistently at the clean water quality upstream ecosystem.
This indicated the natural habitats of the biotic species that truly reflected the assemblages and distribution of the benthic macroinvertebrates. The assemblages and distribution of the benthic macroinvertebrates frequently change in response to pollution stress in predictable ways. This is the basis for the development of biological criteria to evaluate anthropogenic influences [19] [55].
Gray [64] summarized the responses into three distinct categories: reduced Finally, the absence of sensitive benthic macroinvertebrates and the presence of the tolerant Tubifex sp. supported the classification of the downstream sta-tions as "polluted" by using the SEQ score system. This is in agreement with the report by the Sebou Agence (2006) that the rivers in basin were generally clean at the upstream and were either slightly polluted or polluted due to urban wastes and agricultural activities at the downstream. This has strengthened our ecotoxicological point of view that anthropogenic activities contributed to the changes in the distribution of the benthic macroinvertebrates in the Boufekrane River. In most circumstances anthropogenic sources of rivers include terrestrial sources from mining industries and urbanization along the rivers. The extent to which human activities have influenced the concentration of pollutants at a particular location is especially important to the local authority as it is fundamental to the need, or otherwise, for control of pollutants discharged in effluents and atmospheric emissions. The downstream parts of the Boufekrane River received wastewater from some densely populated areas and industries nearby and therefore it is important that the regulatory authorities should implement and enforce an appropriate strategy to monitor, regulate, and protect this area of the river.
Conclusion
The impacts of anthropogenic activities on the water quality, biodiversity, and distribution of benthic macroinvertebrates were noticeable. Compared to the pristine upstream stations, resistant benthic macroinvertebrates could be found only in the downstream of the Boufekrane River with poor and low water quality indices and "poor" diversity indices H' score. Therefore, the collection of certain macrobenthic species, particularly in polluted and non-polluted parts of a river indicated that they could be used as potential bioindicators for river pollution. These macrobenthic species can be used to establish biological criteria to classify the river ecosystem as being healthy or polluted. This information is very important to serve as a baseline study for the area to inform regulators of the conditions and how the use of bioindicators can assist in environmental monitoring and management of the area. Once the information on the life histories of the benthic macroinvertebrates from Morocco is lacking, our list of benthic macroinvertebrates found in the Boufekrane River is useful and more taxonomic work should be done for the identification of the organisms at the species level.
